was grouped into the genus Herbidospora, being most closely related to Streptosporangium claviforme (98.2 %), Herbidospora osyris (98.2 %), Herbidospora daliensis (98.2 %), Herbidospora cretacea (97.9 %) and Herbidospora yilanensis (97.4 %). Chemotaxonomic data supported allocation of the strain to the genus Herbidospora. MK-10(H 4 ) was the predominant menaquinone with minor amounts of MK-10(H 6 ), MK-10(H 2 ) and MK-9(H 4 ); the fatty acid profile contained major amounts of iso-C 16 : 0 , C 17 : 0 10-methyl, iso-C 14 : 0 and iso-C 16 : 0 2-OH; the phospholipid profile contained phosphatidylethanolamine, phosphatidylmethylethanolamine and glucosamine-containing phospholipids; and the whole-cell sugars included ribose, glucose, galactose, madurose and rhamnose (trace). The phylogenetic data, phenotypic and genotypic properties and DNA-DNA hybridization differentiated this strain from its closely related strains, S. claviforme (35-54 % DNA-DNA relatedness), H. osyris (39-51 %), H. daliensis (3-16 %), H. cretacea (34-39 %) and H. yilanensis (34-42 %). Thus, MN08-A0118
T represents a novel species of the genus Herbidospora, for which the name Herbidospora mongoliensis sp. nov. is proposed, with MN08-A0118 T (5NBRC 105882 T 5VTCC D9-22 T ) as the type strain. In addition, DNA-DNA hybridization results showed that S. claviforme and H. osyris are synonyms of H. cretacea.
The genus Herbidospora of the family Streptosporangiaceae was first described by Kudo et al. (1993) and, at the time of publication, encompassed five species with validly published names; Herbidospora cretacea (Kudo et al., 1993) , Herbidospora osyris (Li et al., 2009) , Herbidospora yilanensis, Herbidospora daliensis (Tseng et al., 2010) and Herbidospora sakaeratensis (Boondaeng et al., 2011) . Members of the genus have been characterized by the following properties (Kudo et al., 1993) : presence of mycelia but no distinct aerial hyphae; short chains of non-motile spores (10-30 spores per chain) on the tips of sporophores, derived from the vegetative mycelia in clusters; presence of meso-diaminopimelic acid and Nacetylated muramic acid in the cell-wall but the absence of significant amount of glycine; whole-cell hydrolysates with trace amounts of madurose; a phospholipid pattern of the PIV type of Lechevalier et al. (1977) ; a cellular fatty acid profile characterized by isohexadecanoic, n-hexadecanoic, n-heptadecanoic, 10-methyl heptadecanoic and 2-hydroxy acids; MK-10(H 4 ) as the predominant menaquinone with MK-10(H 6 ), MK-10(H 2 ), MK-10(H 0 ) and MK-9(H 4 ) present as minor components; and a DNA G+C content of 69-71 mol%.
During the course of the study on the diversity of actinomycetes, we isolated a strain, designated MN08-A0118 T , from soil in Mongolia, which had a similar morphology to species of the genus Herbidospora. The strain was then subjected to a polyphasic taxonomic analysis. As part of the analysis, the taxonomic positions of Streptosporangium claviforme and H. osyris were re-evaluated because of their high-level 16S rRNA gene sequence similarities (99.9-100 %) and close phylogenetic relationship with H. cretacea.
During the course of a study characterizing micro-organisms from soil, a strain with slightly yellowish brown vegetative mycelium, designated MN08-A0118 T , was recovered on humic acid-vitamin agar (Hayakawa & Nonomura, 1987) ; pH 7.3) and Bennett agar (0.1 % yeast extract, 0.1 % beef extract, 0.2 % NZ amine type A, 1.0 % maltose monohydrate and 1.5 % agar; pH 7.3) at 28 u C for 3 weeks and the strains were kept as hyphal fragments and spore suspensions in 20 % (v/v) glycerol at 280 u C.
The strain was then grown on ISP media 2-7 (Shirling & Gottlieb, 1966) and Bennett and YS agar at 28 u C for 3 weeks and culture characteristics were observed. The colour of the substrate hyphae was determined from the reverse side of the plate as described by Shirling & Gottlieb (1966) . Cell morphology was observed under a light microscope and by using scanning electron microscopy (SEM). Light microscopic observation of cells suspended in 1 mM phosphate buffer (pH 7) was performed to test spore motility. For SEM, agar blocks containing the organisms (cultivated on water agar medium for 21 days at 28 u C) were fixed with the vapour of 1 % osmium tetroxide and dried samples were sputter coated and viewed with a scanning electron microscope (Tamura et al., 1994) .
The morphological characteristics of strain MN08-A0118 T were consistent with those of members of the genus Herbidospora (Fig. 1) . Formation of short spore chains was observed, borne on the tips of sporophores arising from the substrate mycelia on water agar, Bennett agar, yeast-starch agar and ISP media 5 and 7. The spore chains contained 5-15 smooth-surfaced oval spores (Fig. 1a, b) (Kudo et al., 1993) . No distinct aerial hyphae were found.
Strain MN08-A0118
T showed slow growth; colonies became visible after approximately 1-2 weeks of incubation and showed good growth on Bennett, YS, ISP 2, ISP 3 and ISP 6 agar. Sporulation occurred on ISP media 5 and 7, water agar, Bennett agar and YS agar after 3 weeks of incubation at 28 u C. No soluble pigments were produced on any of the media tested. Strain MN08-A0118
T and other related species in the genus Herbidospora could be differentiated from each other by the growth intensity, substrate mycelium colour, sporulation and production of surface-mass colour on different agar media (Table 1) .
Physiological and biochemical characteristics of strain MN08-A0118
T were tested after incubation at 28 u C for 3 weeks. Tolerance of NaCl was examined on YS medium prepared with 0-8 % (w/v) NaCl (at intervals of 1 %). Growth at 4, 10, 15, 20, 25, 28, 30, 37, 40 and 45 uC was examined on YS agar. For the nitrate reduction test, ISP medium 8 (full strength) (Gordon & Mihm, 1957) was used. Decomposition of urea was determined on Christensen urea agar containing 2 % urea (Gordon et al., 1974) . Degradation of casein and other compounds (final concentration 0.5 %) was determined using YS medium as the modified basal medium (Gordon et al., 1974) . Catalase activity was detected by dropping 3 % H 2 O 2 onto well-developed colonies on agar plates and observing any gas bubbles produced. Other biochemical analyses were performed using modified methods of Kloos et al. (1974) and by using commercial biochemical test kits, such as the API Coryne test system (bioMérieux) according to the manufacturer's guidelines. Constitutive enzymic activities were tested using an API ZYM test kit (bioMérieux) according to the manufacturer instructions (Humble et al., 1977) . Detailed results of these tests are given in the species description. The strain showed characteristic patterns in the API ZYM and API Coryne test systems. Strain MN08-A0118
T could be differentiated from other closely related species in the genus Herbidospora by several agar-based and traditional biochemical tests, such as tolerance of NaCl and pH and temperature ranges for growth (Table 2) . Genomic DNA was extracted and purified as described by Marmur (1961) and Saito & Miura (1963) with slight modifications: after lysis, 20 % SDS and protease K was used to denature proteins and phenol/chloroform/isoamyl alcohol (25 : 24 : 1, v/v/v) was used to remove denatured proteins. 16S rRNA gene sequences were analysed as described by Tamura & Hatano (2001) . Sequence analysis was performed with an ABI Prism BigDye Terminator cycle sequencing kit (PE Applied Biosystems) and an automatic DNA sequencer (model 3130 Genetic Analyzer; PE Applied Biosystems). BLAST analysis (Altschul et al., 1990 ) was used to compare the 16S rRNA gene sequence of strain MN08-A0118
T with sequences from the NCBI nucleotide database and sequence alignments were generated using the CLUSTAL_X program (Thompson et al., 1997) with corresponding sequences from all of the type strains in the genus Herbidospora that were available in the DDBJ/EMBL/ GenBank database. Evolutionary distance matrices, using the Kimura two-parameter model, were calculated and phylogenetic trees were inferred using the neighbourjoining (NJ) method in the CLUSTAL_X package and the minimum evolution (ME) (Rzhetsky & Nei, 1992) , maximum-parsimony (MP) (Eck & Dayhoff, 1966) and neighbour-joining (Saitou & Nei, 1987) tree-making algorithms in the MEGA4 package (Tamura et al., 2007) . Alignment gaps and ambiguous bases were removed prior to the phylogenetic analyses by using BioEdit version 7.0.5.3 (Hall, 1999) . Evolutionary distances were computed using the maximum-likelihood method (Felsenstein, 1981) in the BioEdit package (version 7.0.5.3, Hall, 1999) and the NUCML program in MOLPHY (Adachi & Hasegawa, 1995; Hasegawa et al., 1985; Mori et al., 2003) . Stability of resultant tree topology was evaluated by bootstrap analysis (Felsenstein, 1985) based on the neighbour-joining dataset of 1000 resamplings using the CLUSTAL_X and MEGA4 packages. The 16S rRNA gene sequences determined in this study were deposited in the GenBank/EMBL/DDBJ database. The G+C content of the genomic DNA was determined by HPLC as described by Mesbah et al. (1989) .
T was examined for key chemical markers to determine whether it had a chemotaxonomic profile consistent with those of members of the genus Herbidospora. The required biomass was harvested using centrifugation of cell mass from 3-weeks-old cultures grown in yeast extract-glucose (YG; 10 g yeast extract and 10 g glucose l 21 ; pH 7) broth at 28 u C in a shaker incubator. The harvested cell mass was washed twice with sterile distilled water and freeze-dried. The biomass for quantitative fatty acid analysis was collected from cultures grown on fresh agar plates for 2 weeks at 28 u C. Cellular fatty acid profiles were determined by GLC (MIDI) using the standard protocol of Sasser (1990) . Consistent with results obtained in this study from other species of the genus Herbidospora, strain MN08-A0118
T contained large amounts of iso-C 16 : 0 and C 17 : 0 10-methyl fatty acids (Table 3) . However, strain MN08-A0118
T could be differentiated from closely related type trains of species of All data were obtained in this study. 1, Growth; 2, substrate mycelium colour; 3, sporulation; 4, powdery mass on colony surface (white to brownish chalky powdery surface was found on all the type strains in the genus Herbidospora except the strain MN08-A0118 T ). ++, Strongly positive or present;+, moderately positive or present;
±, weakly positive or present; 2, negative or absent.
All strains were negative for production of diffusible pigment on all agar media tested. Strains were incubated on agar media at 28 u C for 3 weeks.
Agar medium the genus Herbidospora by the proportions of of iso-C 14 : 0 (17.46 %), iso-C 18 : 0 10-methyl (4.46 %), iso-C 16 : 1 H (1.93 %), iso-C 13 : 0 (0.87 %) and an unknown group of fatty acids (2.53 %), most of which were not detected in the type strains of S. claviforme, H. osyris, H. daliensis, H. cretacea and H. yilanensis (Table 3 ). The complete cellular fatty acid profile of strain MN08-A0118 T and those of closely related type strains of species of the genus Herbidospora can be found in Table 3 .
Menaquinone analysis was carried out by the method of Minnikin et al. (1984) . Quinones were extracted from 100 mg freeze-dried cell material using chloroform/methanol and separated by TLC on silica gel; they were then removed from the plate and further analysed by HPLC. Strain MN08-A0118
T contained MK-10(H 4 ) (accounting for 72 % of the total), MK-10(H 6 ) (20 %), MK-10(H 2 ) (4 %) and MK-9(H 4 ) (4 %). Phospholipids were extracted by the method of Minnikin et al. (1979) and identified using two dimensional TLC (Fig. S1 , available in IJSEM Online). The phospholipid profile contained phosphatidylethanolamine (PE), phosphatidyl-N-methylethanolamine (PME) and glucosamine-containing phospholipids (GlcNU) (Fig. S1) . The whole-cell sugars were analysed as described by Staneck & Roberts (1974) . The diaminopimelic acid (A 2 pm) isomer in the peptidoglycan was analysed as described by Nozawa et al. (2007) . Mycolic acids were analysed as described by Tamura et al. (1994) . The physiological and chemotaxonomical analyses indicated that strain MN08-A0118 T belongs to the genus Herbidospora and the 16S rRNA gene sequence analysis indicated that the strain represents a novel species in this genus. The phenotypic characteristics and fatty acid profile also support the classification of strain MN08-A0118
T as a novel species.
It is evident from the tree in Fig. 2 that strain MN08-A0118
T is phylogenetically closely related to S. claviforme (98.2 %), H. osyris (98.2 %), H. daliensis (98.2 %), H. cretacea (97.9 %), H. yilanensis (97.4 %) and H. sakaeratensis (97.2 %). This association was supported by the maximumlikelihood and neighbour-joining tree-making algorithms (Fig. 2) and the branching point of strain MN08-A0118
T was strongly supported with 78 and 94 % bootstrap values using the neighbour-joining and maximum-likelihood methods, respectively. Based on these results, strain MN08-A0118
T can be differentiated from closely related type strains of species of the genus Herbidospora. The DNA G+C content of strain MN08-A0118 T was 69.5 mol%.
Strain MN08-A0118 T and its phylogenetically closest related species can be differentiated from each other by their physiological and biochemical characteristics (Table 2) . Further to this, DNA-DNA relatedness values in reciprocal hybridizations were ,70 % between strain MN08-A0118 T and the closely related species S. claviforme (35-54 %), H. osyris (39-51 %), H. daliensis (3-16 %), H. cretacea (34-39 %) and H. yilanensis (34-42 %) ( Table 4 ), indicating that strain MN08-A0118
T represents a novel genomic species. Based on the data presented in this study, strain MN08-A0118
T represents a novel species within the genus Herbidospora, for which the name Herbidospora mongoliensis sp. nov. is proposed. T and related type strains of species of the genus Herbidospora All data were obtained in this study; +, positive reaction; ±, weak reaction; 2, negative reaction. All the strains were positive for catalase reaction and decomposition of arbutin but negative for skimmed milk hydrolysis, gelatin liquefaction and decomposition of adenine. 10-37 (20-28) pH range for growth (optimum) 6-9 (7-8) 6-11 (8-11) 6-11 (8-10) 6-11 (9-11) 6-11 (8-11) 6-11 (8-11)
Tolerance of NaCl (%, w/v) (optimum)
Starch hydrolysis According to the results obtained by Petrolini et al. (1992) , the morphological features of S. claviforme DSM 44127 T are similar to those of H. cretacea DSM 44071
T ; as such, the taxonomic position of S. claviforme DSM 44127
T was considered ambiguous. Later, Tamura et al. (2000) reported that the morphological features of S. claviforme were similar to those of H. cretacea IFO 15474 T . Furthermore, their high DNA-DNA relatedness (80 %) suggested that S. claviforme is a subjective synonym of H. cretacea (Tamura et al., 2000) . In our study, the phylogenetic positions of S. claviforme and H. osyris revealed that the strains form a close clade with H. cretacea (Fig. 2) . Furthermore, high sequence similarity values of 99.9-100 % were found between strains of S. claviforme and H. osyris and H. cretacea. In order to investigate the genomic relatedness between these strains, DNA-DNA hybridizations were performed in this study. The reciprocal DNA-DNA relatedness values were much higher than 70 % between S. claviforme and H. cretacea (73-74 %), S. claviforme and H. osyris (76-87 %) and H. cretacea and H. osyris (77-81 %), suggesting that S. claviforme and H. osyris cannot be differentiated from H. cretacea (Table 4) . Therefore, based on the results of this study, S. claviforme and H. osyris are proposed as subjective synonyms of H. cretacea.
Description of Herbidospora mongoliensis sp. nov.
Herbidospora mongoliensis (mon.go.li.en9sis. N.L. fem. adj. mongoliensis of or belonging to Mongolia, isolated from soil of Mongolia).
Cells are aerobic and Gram-reaction-positive. Cells grow well on Bennett, yeast-starch (YS) and ISP 2 agar forming well-developed, extensively branched and non-fragmented substrate hyphae. When sporulation occurs, the surface of the colony is not changed. No soluble pigment is produced on all tested media. No aerial hyphae are produced. Short spore chains are borne on the tips of sporophores arising from the substrate mycelium. Spore chains are composed of 5-15, non-motile, smooth-surfaced, oval spores. Substrate mycelium is light to moderately yellow-brown depending on the agar medium used. Good growth occurs on Bennett, YS and ISP 2, ISP 3 and ISP 6 agar; moderate growth occurs on ISP 5 medium and weak growth occurs on water agar and ISP 7 medium after 3 weeks of incubation at 28 u C. Optimal growth occurs at 25-30 u C and no growth occurs at 37 u C. Grows at pH 6-9 and tolerates up to 1 % (w/v) NaCl. In biochemical tests: catalase is produced and starch is hydrolysed but gelatin, Tweens 20 and 80 and urea are not hydrolysed, nitrate is not reduced and arbutin, tyrosine and hypoxanthin are decomposed but casein, calcium malate and adenine are not. According to the API ZYM enzyme assay: positive for alkaline phosphatase, esterase (C 4 ), esterase lipase (C 8 ), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-and b-glucosidase and N-acetyl-b-glucosaminidase activities; weakly positive for valine arylamidase and trypsin activities; and negative for lipase (C 14 ) , cystine arylamidase, a-chymotrypsin, a-and bgalactosidase, b-glucuronidase, a-mannosidase and a-fucosidase activities. According to the API Coryne enzyme assay: positive for alkaline phosphatase, a-and b-glucosidase and N-acetyl-b-glucosaminidase activities, and assimilation of D-glucose, D-mannitol and sucrose; weakly positive for bgalactosidase and catalase activities and assimilation of Dxylose, maltose, lactose and glycogen; and negative for nitrate reduction, pyrazinamidase, pyrrolidonyl arylamidase, b-glucuronidase and urease activities and hydrolysis of gelatin and D-ribose. The peptidoglycan contains mesodiaminopimelic acid and the diagnostic sugars are ribose, glucose, galactose, madurose and rhamnose (trace); mycolic acids are absent. The menaquinone profile consists of MK-10(H 4 ) (accounting for 72 % of the total), MK-10(H 6 ) (20 %), MK-10(H 2 ) (4 %) and MK-9(H 4 ) (4 %). The phospholipid profile contains phosphatidylethanolamine, 
